Background: Improving informed consent to participate in randomized clinical trials (RCTs) is a key challenge in cancer communication. The current study examines strategies for enhancing randomization comprehension among patients with diverse levels of health literacy and identifies cognitive and affective predictors of intentions to participate in cancer RCTs. Methods: Using a post-test-only experimental design, cancer patients (n ¼ 500) were randomly assigned to receive one of three message conditions for explaining randomization (ie, plain language condition, gambling metaphor, benign metaphor) or a control message. All statistical tests were two-sided. Results: Health literacy was a statistically significant moderator of randomization comprehension (P ¼ .03). Among participants with the lowest levels of health literacy, the benign metaphor resulted in greater comprehension of randomization as compared with plain language (P ¼ .04) and control (P ¼ .004) messages. Among participants with the highest levels of health literacy, the gambling metaphor resulted in greater randomization comprehension as compared with the benign metaphor (P ¼ .04). A serial mediation model showed a statistically significant negative indirect effect of comprehension on behavioral intention through personal relevance of RCTs and anxiety associated with participation in RCTs (P < .001). Conclusions: The effectiveness of metaphors for explaining randomization depends on health literacy, with a benign metaphor being particularly effective for patients at the lower end of the health literacy spectrum. The theoretical model demonstrates the cognitive and affective predictors of behavioral intention to participate in cancer RCTs and offers guidance on how future research should employ communication strategies to improve the informed consent processes.
Randomized clinical trials (RCTs) remain the gold standard in developing medical treatments for cancer and are essential for translating biomedical discoveries into evidence-based patient care (1) . In the United States, the discovery of new treatments is often slow because of difficulties in recruiting patients to participate in RCTs (1) . Less than 5% of cancer patients in the United States participate in RCTs, and those rates are lower for racial and ethnic minorities (2) . As a result, approximately 75% of investigators do not meet their RCT recruitment goals (3) .
A key barrier to patient participation in RCTs is how randomization to treatment condition is explained during the informed consent process (4) (5) (6) . Randomization is a highly technical term for which there are no lay language synonyms; thus health care providers often struggle to adequately translate this concept for patients, especially those with low literacy (7) . Comprehension of randomization is essential to informed consent; however, existing data are inconclusive as to how health literacy influences the efficacy of communication efforts in this context, and whether improved comprehension is positively or negatively related to behavioral intention to participate in RCTs (8, 9) .
Efforts to improve understanding of randomization in RCTs rely on one of two linguistic strategies: plain language and metaphors (10) (11) (12) . The goal of plain language is to adapt complex information so that it is easier to understand using techniques such as shorter sentences and nontechnical language (13) . Research suggests that plain language is effective for increasing comprehension of cancer diagnoses and treatment options among patients with low health literacy (14) . However, its effectiveness for improving comprehension of randomization in the context of RCTs is unclear (15) .
Another common approach for explaining randomization is the use of metaphors. Metaphors can be an effective health communication tool because the process of comparing a familiar (eg, flipping a coin) and unfamiliar concept (ie, randomization) creates cognitive pathways wherein the similarity between the concepts becomes salient (ie, chance) (16) . There is evidence that metaphors are superior to plain language for improving comprehension of randomization, but it is unclear whether this relationship varies according to health literacy (10, 12) . For example, research has shown that gambling metaphors (eg, toss of a coin) result in lower comprehension than metaphors that are more benign in nature (eg, pregnancy resulting in female vs male baby) when patients are unable to fully attend to randomization explanations (9) . When cognitive resources are limited, such as when patients lack the knowledge or skills to process a statistical concept like randomization, metaphors may be particularly useful in clinical contexts. Thus, while metaphors may be useful across patient populations, metaphors in general, and benign metaphors in particular, should be most effective for patients with low health literacy.
Randomization comprehension is an important component of informed consent to participate in RCTs; however, there are other cognitive and affective responses to randomization messages that may influence patient intentions to participate in RCTs, including personal relevance. Personal relevance of health information increases patient engagement with health messages, as well as increases intention to participate in RCTs (17, 18) . Increasing patient comprehension of randomization may not correspond directly with increasing perceived relevance, particularly when the concept of chance is misaligned with a patient's personal goals and values for their cancer treatment (19, 20) .
There are also important affective processes associated with exposure to randomization information. Patients commonly make decisions about RCT participation while still coping with the negative emotions that accompanied their cancer diagnosis (21) . For this reason, common vocabulary used during the RCT informed consent process may inadvertently increase patient anxiety. For example, explaining randomization as the flip of a coin can cause patients to perceive randomization negatively because they perceive that their cancer treatment is being treated like a "game" (8, 9) . As such, anxiety associated with explanations of randomization is expected to be an important predictor of intention to participate in RCTs (16, (21) (22) (23) (24) .
The best predictor of a person's behavior is their reported intention to perform that behavior (25, 26) . Thus, patient intention to participate in RCTs is a valuable intermediary outcome for assessing how improving language in the context of patients with low health literacy can improve the informed consent process. Comprehension, personal relevance, and anxiety are commonly associated with intention to perform health behaviors (27) (28) (29) ; however, the importance of these constructs in the context of cancer RCTs has not been explored. Thus, the current study experimentally tests whether linguistic strategies differentially influence comprehension of randomization and examines whether personal relevance and anxiety mediate the influence of comprehension on intention to participate in RCTs.
Methods

Participant Recruitment
An online message design experiment approved by The Ohio State University Institutional Review Board was conducted with 606 participants recruited over a one-week period (May 7-14, 2014) via Qualtrics Panels, a proprietary opt-in online panel comprised of US residents. Eligible participants were age 18 years or older, able to read and write in English, had been diagnosed with cancer within the previous 24 months, and provided informed consent to participate. Participants who had previously participated in any type of cancer clinical trial as part of their treatment (n ¼ 73) or who did not complete all dependent measures (n ¼ 6) were removed from the data set prior to analysis.
Instrumentation
Stimuli Participants were randomly assigned to one of four message conditions: control (n ¼ 117), plain language (n ¼ 128), gambling metaphor (n ¼ 132), and benign metaphor (n ¼ 123) (Supplementary Materials, available online). A plain language explanation of randomization served as a base message. The message utilizing a gambling metaphor included an additional 54 words comparing randomization to the chance a flipped coin would land on heads. The message utilizing a benign metaphor included an additional 55 words comparing randomization to the chance of a pregnancy resulting in a male or female child. This comparison was generated through formative research reported previously (9) . The Flesch-Kincaid readability scores for each message were 8.0 (plain language), 8.7 (gambling metaphor), and 9.3 (benign metaphor).
Covariates
Study covariates (age, sex, education, race/ethnicity) were measured using instruments from the Health Information National Trends Survey (HINTS) (30) . To enable comparison by race/ethnicity, dummy variables were created for the following groups: non-Hispanic white (coded as 0 for the referent), non-Hispanic black, and Hispanic (31, 32) . The remaining racial categories were limited in membership, which created disproportionate comparative groupings and were thus removed before analysis (n ¼ 27). Perceived severity of cancer was measured using three items adapted from a previous study (eg, "Having cancer is/was a severe threat to my health") (33) . Items were rated on a fivepoint Likert scale ranging from "strongly agree" to "strongly disagree" (a ¼ .94, mean ¼ 4.10, SD ¼ 1.07).
Health Literacy
Health literacy was measured using four items adapted from 2013 Health Information Trends Survey (HINTS) 4 Cycle 3 Methodology Report (34) . The items assessed if patients felt they could easily find and interpret cancer information (eg, "The information you found was hard to understand"). Items were rated on a four-point Likert scale, with response categories ranging from "strongly agree" to "strongly disagree" (a ¼ .86, mean ¼ 2.86, SD ¼ .78).
Dependent Variables
Randomization comprehension was measured using three items adapted from the literature and modified based on field ARTICLE testing with cancer patients (35) . The items were adapted to focus specifically on randomization and employ grammar and syntax familiar to US (as compared with UK) patients. The questions assessed the extent to which patients understood that treatment allocation was not associated with physician preference, patient preference, or patient health status (eg, "Randomization means that patients in a clinical study are allowed to choose treatment out of a list of options"). Items were reverse-coded and rated using a five-point Likert scale ranging from "strongly disagree" to "strongly agree" (a ¼ .77, mean ¼ 3.65, SD ¼ 1.07).
Personal relevance of clinical research was assessed using two items (36) . Participants were asked how much attention they paid to clinical research and how relevant it was to them (eg, "Information about cancer clinical studies is personally relevant"). Items were rated on a five-point scale, with response categories ranging from "strongly disagree" to "strongly agree" (q ¼ .80, mean ¼ 3.63, SD ¼ .90).
Anxiety was measured by asking participants to respond to the stem: "How would you feel if a doctor asked you to participate in a randomized clinical study?" Words reflecting positive and negative emotions were rated using a six-point scale ranging from "not at all" to "very much" (37) . Anxiety was operationalized as the extent to which a participant reported feeling "tense" and "worried" (q ¼ .86, mean ¼ 3.47, SD ¼ 1.51).
Behavioral intention to participate in a randomized clinical study was measured using three questions (38) . The items assessed the extent to which cancer patients expressed interest in enrolling in a RCT in the future (eg, "If I was diagnosed with cancer again, I would want to participate in a randomized clinical study for my initial treatment"). Items were rated on a fivepoint scale, with response categories ranging from "strongly disagree" to "strongly agree" (a ¼.86, mean ¼ 3.01, SD ¼ 1.05).
Statistical Analyses
Preliminary analyses were conducted to determine if randomization procedures were effective. Chi-square tests and analysis of variance (ANOVA) were used to verify there were no statistically significant differences among the treatment groups with regard to study covariates. A series of analyses were conducted to determine the effects of message condition on comprehension of randomization, as well as model how cognitive and affective variables influence behavioral intention to participate in RCTs. Analysis of covariance (ANCOVA) was used to determine the effect of the four message conditions (control, plain language, gambling metaphor, and benign metaphor) on comprehension of randomization in a RCT, using age, sex, education, race/ethnicity, and perceived severity of cancer as covariates. Pairwise comparisons were performed using a Sidak correction. Linear regression was used to examine the relationship between comprehension and behavioral intention, using age, sex, education, race/ethnicity, perceived severity of cancer, health literacy, and dummy codes for message conditions as covariates. Message conditions were included as covariates via comparison coding in the linear regression to account for their statistically significant influence on comprehension, as indicated in the ANCOVA results.
Version 2.15 of the SPSS PROCESS macro was used to test for simple moderation (ie, Model 1) with a multicategorical focal predictor and serial mediation (ie, Model 6) (39, 40) . In the simple moderation model, two analyses were run with message 
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condition set as the focal predictor, health literacy as the moderator, and comprehension as the dependent variable. Age, sex, education, race/ethnicity, and perceived severity of cancer were included as covariates in both analyses. The first analysis implemented indicator coding to determine differences in comprehension between the control condition and each of the other conditions for varying levels of health literacy. The second analysis applied Helmert coding to identify differences in comprehension between the metaphorical conditions and the plain language condition for varying levels of health literacy. Helmert coding allows comparisons between levels of a nominal multicategorical variable (41) .
In the serial mediation model, personal relevance and anxiety were tested as mediators operating in sequence to explain the indirect effect of comprehension on behavioral intention. Age, sex, education, race/ethnicity, perceived severity of cancer, health literacy, and message conditions were included as covariates. The message conditions were not included as focal predictors in the serial mediation analysis because of limitations of the software. Statistical mediation analysis with a multicategorical independent variable cannot be conducted with mediators in sequence (Model 6) (40) . Given the documented influence of the message conditions and health literacy on comprehension, it is important to control for these effects when testing the proposed theoretical model. Bootstrapping was used to construct percentile-based, bias-corrected 95% confidence intervals (CIs) for specific and total indirect effects (39) . All statistical tests were two-sided, and a P value of less than .05 was considered statistically significant.
Results
Participants
See Table 1 for a summary of participant demographic characteristics. The study had a final sample of 500 participants, comprised of 317 women and 183 men. Participants self-reported as non-Hispanic white (n ¼ 415), non-Hispanic black or African American (n ¼ 28), or Hispanic (n ¼ 57), with an age range from 18 to 89 years (mean ¼ 50.1 years, SD ¼ 17.1 years). Table 2 reports the distribution of participant demographics and other study covariates by randomization condition.
Effects of Message Condition on Comprehension
The ANCOVA showed a statistically significant difference in comprehension of randomization among the message conditions (F(3, 490) ¼ 12.74, P < .001, g 2 ¼ .077). See Table 3 for the unadjusted (ie, original) and adjusted (for covariates) means and standard deviations/confidence intervals for comprehension in each condition. Pairwise mean comparisons are provided in-text below. Age (P < .001) and education (P ¼ .03) were statistically significant covariates, while sex, race/ethnicity, and perceived severity of cancer were not. Comprehension was statistically significantly greater than control in both the gambling metaphor (mean difference ¼ .70, P < .001, 95% CI ¼ 0.37 to 1.04) and the benign metaphor conditions (mean difference ¼ .64, P < .001, 95% CI ¼ 0.30 to 0.98). Plain language was also associated with statistically significantly greater comprehension than control (mean difference ¼ .58, P < .001, 95% CI ¼ 0.24 to 0.92). However, there were no statistically significant differences in comprehension between the two metaphorical conditions (mean difference ¼ .06, P ¼ 1.00, 95% CI ¼ -0.27 to 0.39), or when comparing the metaphorical conditions to the plain language condition (gambling mean Table 4 presents the adjusted comparative effectiveness of the message conditions when probed at differing levels of health literacy. 
Health Literacy as a Moderator of Message Condition and Comprehension
Inverse Relationship Between Comprehension and Behavioral Intention
The linear regression (see Table 5 ) showed that comprehension had a statistically significant, inverse relationship with behavioral intention (b ¼ -.29, t(489) ¼ -6.40, P < .001). Comprehension explained a statistically significant proportion of variance in behavioral intention (F(11, 488) ¼ 7.74, P < .001), uniquely accounting for 7.1% of the variability in behavioral intention beyond the control variables (DF(1, 488) ¼ 40.96, P < .001). Table 6 presents path coefficients, as well as indirect, direct, and total effects of the adjusted serial mediation analyses (see Figure 2 for visual representation). The inverse relationship between comprehension and behavioral intention was mediated by personal relevance and anxiety of participating in a RCT. Specifically, there was a statistically significant negative indirect effect of comprehension on behavioral intention through personal relevance and anxiety in serial (a 1 a 3 b 2 ¼ -.003, 95% bias-corrected bootstrap CI [based on 10 000 samples] ¼ -.01 to 
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-.001). Statistically significant negative associations exist between all variables in the proposed serial process. Increases in comprehension of randomization are associated with decreases in personal relevance of RCTs, which in turn increases anxiety of participating in a RCT. Further, anxiety is negatively related to intention to participate in a RCT; thus increases in anxiety due to decreases in personal relevance reduce behavioral intention.
Discussion
The current study demonstrates how different message strategies for explaining randomization influence cognitive and affective predictors of behavioral intention to participate in cancer RCTs. Several notable findings emerged from this study that can offer direction regarding how to improve comprehension of randomization during the informed consent process. Health literacy is an important predictor of how patients process and evaluate health information (42) , and while existing literature suggests that plain language approaches may be beneficial for educating patients with low health literacy (13), our results show that a benign metaphor was the most effective strategy for enhancing randomization comprehension among patients with the lowest level of health literacy. However, patients with the highest levels of health literacy showed greater randomization comprehension when exposed to the gambling metaphor condition as compared with the benign metaphor condition. Taken together, these results show that metaphors can be more useful than plain language strategies for overcoming challenges associated with health literacy. Importantly, however, not all metaphors are equally effective across the health literacy spectrum, and messages should be customized to the needs of the patient.
Another noteworthy contribution of this study is that it demonstrates the cognitive and affective mechanisms that explain behavioral intention to participate in cancer RCTs. While previous research has identified the inverse relationship between comprehension of randomization and intention to participate in RCTs (16, 21) , the current model demonstrates that perceived relevance and anxiety are important mediators of this relationship. Specifically, improving comprehension of randomization reduces the perceived personal relevance of RCTs to a patient. This inverse relationship between comprehension and personal relevance likely reflects the discordance between patient misperceptions that medical treatment is tailored to their unique personal or medical characteristics and descriptions of randomized clinical studies in which patients are assigned to treatment without regard to individualized factors. This discordance inevitably reduces the personal relevance of clinical research, increases anxiety associated with RCTs, and decreases intention to participate in future RCTs. Subsequent research should explore the potential benefits of explaining to patients the extent to which treatment recommendations can be individually tailored in both standard and experimental treatment options (43) . Further exploring the relationships between comprehension, personal relevance, and anxiety will be particularly important as personalized medicine studies continue to proliferate.
As with all research, this study has a few notable strengths and limitations. The strengths include using a large, national sample of patients who had received a cancer diagnosis within the past two years. Further, our confidence in the results is strengthened by the experimental design of the study and the careful construction of the stimuli. A potential limitation is that the stimuli used in the current study were not specific to a particular RCT and did not include specific information on the types of treatments being compared.
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